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OTOR VEHICLE CRASHES
are the leading cause of death among teenagers in the United States, accounting for 36% of all deaths of persons aged 15 to 19 years. 1 The fatal crash rate per million miles for 16-year-old drivers is more than 7 times the rate for drivers aged 30 to 59 years. 2 Nearly the same number of deaths occur among teenaged passengers as teenaged drivers: in 1993, two thirds of the deaths of passengers aged 13 to 19 years occurred when teenagers were driving. 3 In recent years, increased attention has been given to graduated licensing systems. The basic premise of these systems is that beginning drivers need to earn a full license step-by-step. Three stages-a supervised learner's period, an intermediate license, and a full-privilege driver's license-are the central framework for graduated licensing systems. During the learner's period, beginning drivers can drive only under supervision. For the intermediate period, restrictions vary widely by state in the United States and may include restrictions on nighttime driving and carrying passengers. 4 Graduated licensing systems are recommended by the National Highway Traffic Safety Administration and encouraged through an incentive grant program. 5 As of January 2000, 24 states had adopted full graduated licensing systems with all 3 stages. Only 9 of these 24 states included any restrictions related to teenaged drivers carrying passengers. 4 Although past studies [6] [7] [8] provided evidence suggesting a relationship between carrying passengers and crash risk for teenaged drivers, they had insufficient information on travel exposure patterns, driver characteristics, and passenger attributes. Knowing the circumstances associated with increased risk to teenaged drivers is useful for formulating graduated driver licensing programs and for advising health professionals who take care of teenagers. Our study examined the associations between crashes fatal to 16-and 17-year-old drivers and the characteristics of passengers. The following potential risk factors were examined: driver age, driver sex, number of passengers, passenger age, passenger sex, and time of day.
METHODS
Data
Data for this study were from 3 federal sources: the Fatality Analysis Reporting System (FARS), 9 Nationwide Personal Transportation Survey (NPTS), 10 and General Estimates System (GES).
11
Drivers aged 16 and 17 years who drove passenger cars, vans, or pickup trucks were the focus of the study. Some analyses included drivers aged 30 to 59 years for purposes of comparison.
FARS collects data on all fatal traffic crashes within the United States that involve a motor vehicle traveling on a public road and result in a death within 30 days of the crash. 9 Data on crashes fatal to 16-and 17-year-old drivers were obtained from FARS for the years 1992-1997.
The NPTS provides comprehensive data on transportation patterns in the United States based on a national telephone survey of 42 033 households conducted from May 1995 to July 1996. Once a household was selected, travel diaries were mailed to the household and every person within the household who was aged 14 years or older was interviewed regarding trips made on a recent preassigned day. A proxy summarized trips for children aged 5 to 13 years. 10 The 1995 NPTS was the source for estimates of the number of trips for 16-and 17-year-old drivers. We chose number of trips as the measurement of travel exposure because individual trips vary in the number and characteristics of passengers.
The GES is a probability sample of US police-reported crashes on public roads that result in property damage, injury, or death. 11 There are 60 primary sampling units in the GES, chosen to be representative of the US population, and about 54 000 crashes per year are sampled. 11 Information on crashes involving 16-and 17-year-old drivers was obtained from GES data for the years 1992-1997.
Because uninjured passengers were not fully reported in some of the primary sampling units in the GES, we excluded those units from GES data to avoid misclassification of drivers with uninjured passengers as having carried fewer passengers. This resulted in exclusion of about 5% of weighted crashes from the GES data and a corresponding 5% overestimation of deaths per 1000 crashes. These primary sampling units could not be identified within FARS because the specific locations of GES primary sampling units are confidential and thus unavailable to researchers.
Analysis
Driver deaths were studied rather than deaths among all vehicle occupants because higher occupancy increases the probability that a crash will be fatal by increasing the population at risk. Statistical software (SPSS for Windows 12 and SAS 13 ) was used to calculate rates.
Risk of Death per 10 Million Trips.
FARS and NPTS data were used to calculate driver deaths per 10 million trips by number of passengers, driver age and sex, and time of day. These trip-based death rates measured the likelihood of involvement in a crash fatal to a 16-or 17-year-old driver.
Crash Outcome. FARS and GES data were used to compute deaths per 1000 crashes for 16-and 17-year-old drivers, combined, by passenger age and sex (deaths per 10 million trips could not be calculated by passenger age and sex because the NPTS lacked data on characteristics of passengers who were not household members). This different type of measure, deaths per 1000 crashes, represents crash outcome rather than fatal crash incidence and reflects crash forces and other variables (eg, seatbelt use) that might be affected by driver behaviors associated with the presence of passengers.
Passengers of both 16-and 17-yearold drivers, combined, were classified in 3 age groups: aged 13 to 19 years, 20 to 29 years, and 30 years or older. Analyses showed no differences among results based on passengers aged 20, 21, 22 to 24, or 25 to 29 years; therefore, passengers aged 20 to 29 years were grouped.
Relative Risk and Confidence Intervals. Relative risk was defined as the death rate ratio, calculated by dividing the death rate for the target group by that of the reference group. Because the GES and NPTS are data sets with multistage sampling designs, the statistical software SUDAAN 14 was used to calculate the SEs of weighted trips and weighted crashes. Ninety-five percent confidence intervals for the rates were calculated by the substitution method described by Daly.
15 Ninety-five percent confidence intervals for the relative risks were calculated based on a method described by Rothman and Greenland. 16 
RESULTS
Trip-Based Death Rates
Driver Age. Drivers aged 16 and 17 years had markedly higher risks for fatal crashes than older drivers (FIGURE, TABLE 1). Compared with driving alone, driver death rates per 10 million trips in- Passenger Sex. Crash-involved 16-and 17-year-old drivers, combined, with male passengers were significantly more likely to die than those with only female passengers (TABLE 4). Risk of death increased with the number of male passengers. Similar effects of male passengers were observed for male and female drivers. Driver deaths per 1000 crashes more than doubled for both male and female drivers when there were 2 or more male passengers and nearly doubled with 1 male passenger.
COMMENT
The incidence of motor vehicle crashes fatal to 16-and 17-year-old drivers increased with the number of passengers for both male and female drivers, during daytime and at night. In contrast, 30-to 59-year-old drivers who carried passengers had decreased death rates. Crashes are more likely to be fatal to drivers aged 16 and 17 years in the presence of male passengers,teenagedpassengers,andpassengers aged 20 to 29 years, findings not previously documented.
Why were there more deaths when 16-and 17-year-old drivers carried passengers? A survey of 192 high school drivers reported that dangerous driving behaviors (driving after drinking alcohol or using drugs, speeding, swerving, crossing the center line, purposely skidding, and running a red light) were strongly associated with the presence of peers. 17 When carrying passengers, drivers aged 16 to 19 years involved in fatal crashes were significantly more likely to be in single-vehicle crashes or to be coded as having made errors than when driving alone. 8 The marked increase in fatal outcomes of crashes associated with carrying male passengers may be attributable to riskier driving behavior. A study that observed vehicles on the road found that, on average, young drivers with male passengers drove at higher speeds and followed preceding vehicles more closely than those without passengers or with female passengers. 18 Alcohol consumption is a major risk factor for involvement in fatal crashes. Another possible explanation for passenger-related increases in fatalities is that drivers are more likely to be impaired by alcohol when carrying passengers, particularly those who can legally purchase alcohol. Unfortunately, we were unable to estimate the increased driver fatality risk associated with carrying passengers because alcohol use information was not consistently available from our data sources. Teenaged drivers are more susceptible than adult drivers to the impairing effect of alcohol: at each blood alcohol concentration, male drivers aged 16 to 19 years have higher risks of fatal crashes than older age groups. 19 The finding that carrying passengers aged 20 to 29 years increased the likelihood of fatal outcomes when 16-and 17-year-old drivers crashed suggests that a restriction on carrying any teenagers unless supervised by an adult at least 21 years old could have a negative effect if it increased the transport of passengers aged 20 to 29 years. Further study will be needed to clarify the relationship between the risk of teenaged driver crashes, carrying passengers of various ages, and alcohol use.
Driving at night is much more dangerous than driving during the daytime. The present study and previous research by Preusser et al 8 indicate that the effect of passengers is similar for 10 §Weighted to provide national estimates of trips based on probabilities of selection of households, persons, and travel days in the sample. Deaths per 10 million trips, based on weighted trips. ¶Reference group. both daytime and nighttime driving. Nighttime driving restrictions are especially appropriate but cannot substitute for passenger restrictions, since more than half of the fatal crashes of teenaged drivers with passengers occur during daylight hours.
Graduated driver licensing has reduced teenaged driver crashes in Canada, 4 New Zealand, 20 and Florida. 21 Current graduated licensing systems in the United States either do not have passenger restrictions or have restrictions that are of short duration, permit up to 3 passengers, or do not specify passenger age. 4 The results of our study indicate that restrictions on carrying passengers should be considered for inclusion in graduated licensing systems for young drivers. Health professionals should advise parents of teenagers of the risks associated with the transport of passengers by young drivers. 
